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Available online 15 August 2017The inﬂuence of varying nitrogen and oxygen partial pressures on microstructure, mechanical and optical prop-
erties of magnetron sputtered CrAlSiNx and CrAlSiOyNx coatings has been studied. The partial pressure of nitro-
gen reactive gas was varied from 0.037 Pa to 0.15 Pa for CrAlSiNx ﬁlms, and the N2/O2 (85%:15%) partial pressure
was varied from 0.046 Pa to 0.21 Pa for CrAlSiOyNx layers. Transmittance and reﬂectance of samples were mea-
sured andwere modeled to obtain the spectral optical constants, n and k. Chemical state, composition, morphol-
ogy and microstructure of ﬁlms were analyzed by XPS, RBS, XRD, Raman Spectroscopy and SEM. Films' hardness
was evaluated using nanoindentation method. XRD results revealed that the two samples CrAlSiNx with PN =
0.15 Pa and CrAlSiOyNx with PNO = 0.21 Pa are polycrystalline with cubic (fcc-B1) structure. On contrary, all
other ﬁlms prepared with lower reactive gases partial pressures are amorphous. The chemical composition
changed with the variation of reactive gases partial pressure, although the Cr: Al: Si composition ratio remained
approximately constant, 1.25:1.5:1. All samples showed low hardness, mainly due to lower content of reactive
gases and higher content of Si. However, the sample CrAlSiNx with PN = 0.15 Pa has the highest value of
11.1 GPa. Optical constants are seen to be very sensitive to reactive gases partial pressure. The refractive index
and extinction coefﬁcient were lower for coatings with higher reactive gases partial pressure. These coatings
are good candidates for designing selective solar absorber stacks for different applications.
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CrAlSiNx and CrAlSiOyNx are examples of multi-elemental thin ﬁlms
[1]. Recently, enormous studies and technological efforts have been de-
voted to the research on those kinds of materials, due to their excellent
properties and numerous industrial applications. Chromium nitrides,
oxides and oxy-nitrides generally have high oxidation resistance [2–
9], chemical and thermal stability at high temperature [10–15], good
thermal diffusion barrier [16], good corrosion resistance [17] and high
hardness [18–22]. The numerous applications are divided into two
main groups. First one is the optical and electrical applications such as,
optical detectors, sensors, optical ﬁlters, lenses, emitting diodes, on con-
centrating solar power (CSP) [23–28] and phase shifting masks [29,30].
The second group is for plastic metal molds, cutting and drilling tools
[31,32], due to their high hardness andwear resistance. This paper is de-
voted to study the inﬂuence of varying nitrogen and oxygen partial
pressures on microstructure, mechanical and optical properties of
sputtered CrAlSiNx and CrAlSiOyNx coatings in the sub-stoichiometricb).range, where the ratio (O+N) / (Cr + Al + Si) is lower than 1. In liter-
ature [33,34], it is found that hard nano-composite coatings based of nc-
CrN/a-SiNx are optically opaque. This would be enough for a coating
with high solar absorption, but not sufﬁcient to have a coating with
low emissivity. On the other hand, adding aluminum to Cr-Si-N changes
the grain size, the composition and the mechanical properties of those
materials, and tend to be amorphous and more transparent. This leads
to an improvement of oxidation resistance properties and opens the
possibility to tune the optical properties. Moreover, Oxygen content in
ﬁlms affect the whole coating properties, as an example, if oxygen con-
tent in oxynitrides increase, then ﬁlms will be more transparent with
lower refractive index, because of losing of their metallic behavior.
Also, hardness values of such coatings remain low (12–13 GPa) in the
range of oxygen ratio [O]/[O + N] of 20%–50% in ﬁlms as reported by
Karimi et al. [1] [8]. So, adjusting oxygen and nitrogen contents enables
to control the optical, chemical, mechanical and electrical properties of
CrAlSiNx and CrAlSiOyNx coatings within a wide range [1,8,35,36]. De-
spite there are a lot of studies about nitride and oxy-nitrides, only limit-
ed researches focus on sputtered CrAlSiNx and CrAlSiOyNx coatings.
However, for these coatings exist in the literature devoted to themicro-
structure or mechanical properties studies.
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properties of these coatings as varying reactive gases pressure, such that
it can be used in structural designs of solar selective absorber stacks for
high temperature applications. In addition, to study the inﬂuence of
varying nitrogen and oxygen partial pressures on microstructure, me-
chanical properties of the coatings.
2. Experimental
A series of thin individual layers of CrAlSiNx and CrAlSiOyNxwere de-
posited on glass substrates with different nitrogen and oxygen partial
pressures as reactive gases, as shown in Table 1. These thin layers
were used to track the inﬂuence of varying those partial pressures
upon optical properties of sputtered CrAlSiNx and CrAlSiOyNx. For mor-
phology, chemical composition, crystalline structure and mechanical
properties studies, thicker samples were deposited on (100)-oriented
silicon wafer (used for SEM, XRD, XPS and RBS analysis) and polished
stainless-steel substrates (used for nanoindentation tests) with same
parameters as thinner ones, as shown in Table 2. Siliconwafer and stain-
less-steel substrates were ultrasonically cleaned in acetone for 15 min.
The depositions were performed at room temperature in a vacuum
chamber which evacuated up to 2 × 10−4 Pa base pressure. A pulsed
dc bias of−60V (frequency 90kHz)was applied to the substrate holder
during all depositions. The deposition times were ﬁxed as 1 min and
30 min for thin and thick layers, respectively. The target (Chromium-
Aluminum, 70–30 at%with nine 1 cmdiameter silicon discs, 99.9% puri-
ty)was sputter cleaned in Ar atmosphere for 3min. An additional Ar ion
etching stepwas implemented for 15min to clean the substrates using a
voltage of−500 V. The target current density was 6.2 mA/cm2, and the
argon ﬂow was adjusted to reach a constant total pressure of 0.37 Pa.
The crystalline structure of the sampleswas analyzed by using X-ray
diffraction employing a Bruker AXS Discover D8 operating with Cu Kα
radiation. The measurements were performed at an incidence angle of
α= 3°. Scanning electron microscopy (SEM) was performed with a
Nano SEM–FEI Nova 200(FEG/SEM) microscope. Energy dispersive X-
ray spectroscopy (EDS) analyzes were performed with the electron
beam of the SEM, with an energy of 10 keV (EDAX – Pegasus X4M sys-
tem). Nanoindentation tests were performed by using nano/
microindentation-Micro Materials equipment, that has: load range up
to 500 mN, load resolution 50 nN, depth range 0–50 mm and contact
force b5 mN. Nanoindentation tests were applied with maximum
loads ranged between 6 and 8 mN. Then, hardness and elastic modulus
data were obtained using the method proposed by Oliver and Pharr
[37]. The measurements were repeated ﬁve times for each specimen.
Raman scatteringmeasurements were carried out on alpha300 R confo-
cal Raman microscope (WITec) using a 532 nm Nd: YAG laser for exci-
tation. The system was operated with an output laser power of
2.5 mW. The laser beam was focused on the sample by a ×50 lens
(Zeiss); and the spectra were collected with a 600 groove/mm grating
using 5 acquisitions with a 2 s acquisition time. Rutherford back scatter-
ing (RBS) measurements were done at the CTN/IST Van de GraaffTable 1
Oxygen and nitrogen partial pressures of reactive gases in deposition for thin single layers
(b100 nm) used to track the optical properties of sputtered CrAlSiNx and CrAlSiOyNx. De-
position rates were calculated using SCOUT software.
Nitride
layer
N2 partial
pressure
(Pa)a
Deposition
rate
[nm/min]
Oxynitride
Layer
N2/O2 (85:15)
partial pressure
(Pa)a
Deposition
rate
[nm/min]
1 0.037 47.0 1 0.046 45.9
2 0.051 37.6 2 0.064 42.1
3 0.056 35.9 3 0.068 40.6
4 0.060 33.7 4 0.075 38.8
5 0.071 31.0 5 0.092 28.7
6 0.15 17.3 6 0.21 18.6
a PNO will be used in instead of N2/O2 (85:15) Partial pressure and PN instead of N2
Partial pressure.accelerator at the small chamber were three detectors are installed:
standard at 140°, and two pin-diode detectors located symmetrical to
each other, both at 165°. Spectra were collected for 2 MeV 4He+, and
2.3 MeV 1H+. Normal incidence was used in the experiments and the
obtained data were analyzed with the IBA Data Furnace NDF [38].
Chemical composition and chemical bonding were evaluated using X-
ray photoelectron spectroscopy (XPS). The measurements were per-
formed using a Kratos AXIS Ultra HSAX-ray photoelectron spectroscopy
(XPS) system, with an AlKα (1486.7 eV) X-ray source and with 40 eV
pass energy. Binding energy was referenced to the C 1 s peak position
at 285.0 eV to avoid the inﬂuence of the electro-static charging effects
of samples. Data analysis and peaks ﬁtting of the XPS spectra were per-
formed by using the CasaXPS software with Shirley background and
GL(30)line shape1 [39].
Optical measurements, in transmittance and reﬂectance modes,
were performed in the wavelength range of 250–2500 nm, using a
Shimadzu PC3101 UV–VIS–NIR scanning spectrophotometer. The re-
ﬂectance measurements were performed at an incidence angle of 8°
using an integrating sphere attachment and an Al mirror as a reference.
The reﬂectance data were corrected according to the Al-reference re-
ﬂectance curve.3. Results and discussion
3.1. Optical properties
Fig. 1 shows the transmittance (T) and reﬂectance (R) spectra of
CrAlSiNx deposited at different N2 partial pressure, from 0.037 Pa to
0.15 Pa and of CrAlSiOyNxﬁlms deposited at differentN2/O2 partial pres-
sure, from 0.046 Pa to 0.21 Pa.
The results presented in Fig. 1a show that the CrAlSiNx and
CrAlSiOyNx layers become more transparent and lose their metallic be-
havior as the nitrogen and oxygen partial pressures increase. This is
mainly due the presence of to Al and Si nitrides and oxides, which are
transparent. In accordance with this, the reﬂectance in the same wave-
length range decreases with increasing nitrogen and oxygen partial
pressures. The optical constants, refractive index (n) and extinction co-
efﬁcient (k), and layers thicknesses were determined from (T) and (R)
curves [40] by using optical simulation program SCOUT [41]. These
thicknesses were used to calculate the deposition rates shown in Table
1, which are slightly lower than those calculated by using the thick-
nesses of thicker samples, measured by SEM that shown in Table 2.
Fig. 2 shows the optical constants, refractive index (n) and extinction
coefﬁcient (k), as a function of wavelength in the range of 250–
2500 nm, which were obtained from the modeling of experimental T
and R spectra. The results shown in the ﬁgure indicate a general behav-
ior of n and k with a decrease as increasing the gases partial pressures
for both nitride and oxynitride layers. Increasing oxygen and nitrogen
amount in ﬁlms caused an increment in its fraction bonds with other
metals in ﬁlms. Moreover, it is seen that the refractive indices for the
CrAlSiNx layers increase in the wavelength range 250–1000 nm, which
make these layers appropriate materials for selective absorption of
solar radiation and other optical applications. The refractive index of
CrAlSiOyNx layers also shows a similar behavior with wavelength, but
for higher gases partial pressures it becomes almost constant. The oxy-
gen induces a decrease in both, the refractive index and extinction coef-
ﬁcient, for values that is not possible to get with nitride. For example,
the minimum refractive index for nitrides is higher than 2.5, while
with oxynitrides it is possible to tune it down to 1.6. A similar effect
can be seen for the extinction coefﬁcient, where in oxynitrides can be
tuned down to zero, while in nitrides is always higher than 0.2. This be-
havior is also related with the Cr amount, which cannot be below a1 GL (p): Gaussian/Lorentzian product formula where the mixing is determined by
m = p/100, GL (100) is a pure Lorentzian while GL (0) is pure Gaussian.
Table 2
Oxygen and nitrogen partial pressures as reactive gases in deposition individual thick layers (N 1 μm) used for morphology, chemical composition and microstructure of CrAlSiNx and
CrAlSiOyNx. Deposition rates were calculated using thicknesses measured by SEM.
Nitride layer N2 partial pressure (Pa) Thickness
SEM
(μm)
Deposition rate [nm/min] Oxynitride layer N2/O2 (85:15) partial pressure (Pa) Thickness
SEM
(μm)
Deposition rate [nm/min]
1 0.033 1.46 48.8 1 0.046 1.29 43.0
2 0.040 1.36 45.2 2 0.053 1.26 42.0
3 0.051 1.26 42.1 3 0.064 1.17 39.0
4 0.056 1.25 41.8 4 0.075 1.08 36.0
5 0.060 1.19 39.6 5 0.092 1.06 35.5
6 0.15 0.52 17.3 6 0.21 0.56 18.7
136 A. Al-Rjoub et al. / Surface & Coatings Technology 328 (2017) 134–141certain value in order to have the adequate extinction coefﬁcient for the
high absorption layer.
As represented in Tables 1 and 2, the deposition rate decreases with
increasing oxygen and nitrogen partial pressures. This is due to the for-
mation of nitrides and oxynitrides bonds with the target surface ele-
ments during the ﬁlm growth (known as target poisoning) [42],
resulting in a reduction of sputtered materials and consequently of the
deposition rate.
3.2. Chemical composition
As far as Rutherford backscattering spectrometry (RBS) is suitable
for analysis of compositional depth proﬁles of amorphous structures,
it was used in this work to analyze the samples' elemental composi-
tions. Fig. 3 shows three typical RBS spectra, namely one of a nitride
layer (Fig. 3a) and two of oxynitrides layers (Fig. 3b). Since the signals
from the different elements overlap, the composition has to be deter-
mined from the front edges of the elements, which are indicated in
the ﬁgure. The relative heights of those front edges are correlated with
the relative concentrations of the different elements, and by the analysis
of all samples (not shown) it was veriﬁed that the (Al + Si) / Cr compo-
sition ratio is about 2 and similar for different samples, as presented in
Fig. 4 for all the nitride and oxynitride samples. With the used condi-
tions, RBS technique is not adequate to have an enough separation be-
tween Al and Si front edges. So, EDS technique was used to measure
the Al/Si ratio, which is in average 1.5. This means that the Cr:Al:Si
ratio composition is 1.25:1.5:1. Fig. 4 also represents the chemical com-
position ratio (Cr+Al+ Si) / (N+O) as a function of the reactive gases
partial pressure, PN in CrAlSiNx samples and PON in CrAlSiOyNx samples.
In both cases, that compositional ratio decreases with increasingFig. 1. Transmittance (a) and Reﬂectance (b) of CrAlSiNx and CrAlSreactive gases pressures, as expected, which means, an increase of the
nitrogen and oxygen contents. Moreover, a small amount of oxygen
was detected in pure nitrides samples.
For more details about the chemical structure, three samples: (A)
CrAlSiNx with PN = 0.056 Pa, (B) CrAlSiOyNx with PON = 0.046 Pa and
(C) CrAlSiOyNx with PON= 0.075 Pa have been chosen for XPS analysis.
Fig. 5 shows the evaluated XPS spectra of Cr 2p, Al 2p, Si 2p, N 1 s and O
1 s core levels, while in Table 3 the Casa software ﬁtting parameters and
identiﬁcation of core levels binding energies are represented. As shown
in Fig. 5a, the XPS spectra of Cr 2p3/2 binding energy can be
deconvoluted into three sub-peaks in the case of samples A and B. The
respective energies of 574.1 eV, 574.8 eV and 577.4 eV correspond to
metallic Cr, CrN and Cr2O3, respectively [7,43–47]. For higher partial
pressure of PON as in sample C, the peaks corresponding to metallic Cr
and CrN were not observed and a new peak centered at 576.1 eV ap-
pears, which may be an overlap between Cr-O and Cr2N. Moreover,
the Cr 2p3/2 doublet shifts towards higher binding energy with increas-
ing oxygen content in the ﬁlms, which indicates an increment of oxi-
dized species in ﬁlms [20].
For Al 2p spectra, the oxynitride samples revealed two peaks located
at 74.5 and 75.4 eV, as shown in Fig. 5b,whereas for the nitrides another
peak is seen, centered at 73.9 eV due to higher content of nitrogen in the
ﬁlm. The peaks at 74.5 eV and 75.4 eV are considered as Al(OH)3 and
Al2O3 compounds, respectively [48], and the third peak 73.9 eV is recog-
nized as AlN [6,14,18,49].
Fig. 5c shows the Si 2p core level spectra, and it is seen that the peaks
of samples A and B correspond to the contribution of three distinct com-
ponents, while the peak of sample C only has two components. The peak
centered at 103.0 eV in all three samples is recognized as silicon oxides
in the form of Si(Al)-SiO3 or SiO4 bonds [48,50], considering a silicon-iOyNx as a function of oxygen and nitrogen partial pressures.
Fig. 2. Refractive index (n) and extinction coefﬁcient (k) as a function of wavelength of: (a) CrAlSiNx, prepared with increasing nitrogen partial pressures. (b) CrAlSiOyNx as a function of
wavelength, prepared with increasing nitrogen and oxygen partial pressures.
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bonded in the form of any of the four tetrahedral sites of Si–Si4-
(m+n)OmNn (where m + n≤4; m,n= 0–4) and the chemical shift of Si
2p level for each of the four tetrahedral is proportional to the partial
charge on the Si atom [51]. The 99.3 eV component that appears in sam-
ple A and B could be Si-Si(Al) [14]. The last peak of sample A located at
101.5 eV is recognized as Si3N4 bond [2,7,14,19], and the peak at 102.3 in
sample B and C is related to the formation of silicon oxynitrides Si-N3O
or Si(Al)-SiO2N bonds [20,48].
As shown in (Fig. 5d), the XPS spectra of N 1s core level can be
deconvoluted into ﬁve peaks. The peaks at energies 397.3, 398.2 and
399.9 eV can be associated to Si3N4 [19,46], chromium oxynitride [52]
and Si(Al)\\O2N2 [46]bonds, respectively. The fourth chemical compo-
nent that appears only in sample A is located at 396.7 eV, and it de-
scribes Al\\N bonds [19,48,52–53]. The peak in sample B located at
401.1 eV is related to CH_N\\CH surface contamination.
As shown in Fig. 5e, the O1s spectra were not ﬁtted into its compo-
nents' peaks because it is difﬁcult to identify their bonding energy. How-
ever, it should contain several peaks that can describe the chemical
composition of samples. It is worthy to mention that the position of
the oxygen peak shifts to higher energies with increasing the percent-
age of oxygen in ﬁlms due to formation of oxides and oxynitrides, in ac-
cordance with what was reported in the literature [20].Fig. 3. RBS spectra of: (a) nitride layer and (b) two different oxynitride layers.From corresponding core-level intensities and tabulated atomic sen-
sitivity factors, the relative atomic concentrations were calculated. Due
to surface contamination, the oxygen is signiﬁcantly larger than those
measures by RBS and EDS. Additionally, the average (Al + Si) / Cr com-
position ratio for these 3 samples is now 4.1, two times higher than the
bulk composition ratio obtained by RBS and EDS, and the Al/Si ratio also
revealed an increase (1.9 instead of 1.5, in average). Considering that
XPS measures the elements and the quantity of those elements that
are present within the top 1–10 nm of the sample surface, this means
that surface contamination led to an Al surface enrichment and a signif-
icant Cr depletion.
3.3. Phase content and crystalline structure
Thick layers of CrAlSiNx and CrAlSiOyNx deposited on silicon wafer
substrates were used for X-ray diffraction, the X-ray diffractograms
are shown in Fig. 6. In the diffractograms of CrAlSiNx and CrAlSiOyNx
ﬁlms in the ranges of PN = 0.037–0.071 Pa and PNO = 0.046–0.091 Pa,
respectively, no strong peaks were observed, which means they are
XRD amorphous. For higher nitrogen and oxygen partial pressures,Fig. 4. Elemental composition ratios (Cr+Al+ Si) / (N+O) and (Si+Al) / Cr inﬁlms as a
function of PN for CrAlSiNx and PON for CrAlSiOyNx ﬁlms as evaluated by (RBS).
Fig. 5. XPS spectra of: (a) Cr 2p3/2, (b) Al 2p, (c) Si 2p, (d) N 1s and (e) O 1s electrons for the three samples: A, B and C. The green curve represents the background correction. (For
interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)
Table 3
Casa software ﬁtting parameters and identiﬁcation of core level binding energies.
Core
peak
FWHM
(eV)
BE(eV)
sample A
BE(eV)
sample B
BE(eV)
sample C
Compound
Cr2
p3/2
1.2 574 574.1 – Cr-Cr
2.6 574.8 574.8 – Cr-N
2.1 576.9 577.4 577.5 Cr-O; Cr-(OH)3
2.1 – – 576.1 Cr-O; Cr2N
Al 2p 1.4 73.9 – – Al-N
1.4 74.5 74.5 74.5 Al-(OH)
1.4 75.4 75.4 75.3 Al-O
Si 1 s 1.5 99.3 99.7 Si-Si(Al)
1.5 101.5 – Si3N4
1.5 – 102.3 102.3 Si(Al)-Si2O2;
Si(Al)-SiO2N
1.5 103.0 103.0 103.0 Si(Al)-SiO3; Si-O4
N 1 s 1.4 396.7 – – Al-N
1.4 397.3 397.4 397.3 Si3N4
1.4 398.3 398.4 398.2 chromium
oxynitride
1.4 399.9 399.9 399.9 N-(C = O);
Si(Al)-O2N2
1.4 – 401.1 – CH = N-CH
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and CrAlSiOyNx with PNO = 0.21 Pa are polycrystalline with cubic
(fcc-B1) structure, with CrN peaks (111), (200), (220) and (222) at ex-
pected position as shown in Fig. 6 [1,54]. Fig. 7 represents cross-section-
al SEM micrographs of several ﬁlms that show the structure and the
thickness as varying reactive gases partial pressure.
The amorphous structure of the ﬁlms is mainly due to the high
amount of aluminumand silicon in theﬁlms, anddue to the sub-stoichi-
ometry of the ﬁlms [(O + N) / (Cr + Al + Si) b1]. In oxynitride case, it
can be due to the fact that the mobility of oxygen in the growth surface
of amorphous ﬁlms is not sufﬁcient to form oxide lattice [1].
As all samples that measured by Raman spectroscopy were amor-
phous, it was found that the detection of their elemental vibrational
modes is so difﬁcult by using Raman spectroscopy with used incident
power conditions (very low laser incidence power), as shown in Fig. 8
[52,55].
The Raman spectra of the CrAlSiNx ﬁlms (not shown), although
amorphous, show two broad bands at approximately 190 cm–1 and
250 cm–1. According to the literature [56] the fcc structure of
Al70Cr30N presents Raman bands at 260 and 750 cm−1, being the low
wavenumber band the most intense one. Furthermore, the wurtzite
Fig. 6. XRD difractograms of CrAlSiNx and CrAlSiOy Nx ﬁlms for different nitrogen and
oxygen partial pressures.
Fig. 8. Raman spectra of chosen CrAlSiON samples.
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most intense the ﬁrst one. In both cases the low frequency mode corre-
sponds to vibrational acousticmodes (LA and TA) relatedwith vibration
of Cr ions and the high frequency one to vibrational opticmodes (LO and
TO) due to vibration of N ions [52,55]. According to our Raman spectra,Fig. 7. Cross-sectional micrographs show the amorphous structure of (a) CrAlSiNx with nitroge
0.053 Pa. In the ﬁgure, t means ﬁlm thickness.we concluded that the CrAlSiNx shows a mixture of wurtzite + fcc-
phases.
The peak position, FWHM and intensity of the bands were obtained
by ﬁtting the Raman spectra using Lorentzian functions. Interesting to
note that the integrated intensity ratio between the 190 cm–1 mode
(wurtzite) and 260 cm–1mode (fcc structure is 2.4; 1.8 and 2 for respec-
tively for NP=0.051 Pa, NP=0.056 Pa, NP=0.060 Pa samples, indicating an in-
crease of the fcc- structure as the nitrogen partial pressure increases.
On other hand, the intensity ratio between the190 and 260modes of
CrAlSiOyNx is lower than for the CrAlSiNx samples, ranging from 1.3
(NOP=0.075 Pa) to 1.8 (NOP=0.046 Pa). This low intensity ratio indicates
that the presence of oxygen in the layer is not favourable to the forma-
tion of wurtzite structure.n partial pressure 0.056 Pa and (b) CrAlSiOyNx with nitrogen and oxygen partial pressure
Fig. 9. Load – depth curves of (a) CrAlSiOyNx as varying PON and (b) CrAlSiNx as varying PN.
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To probe the mechanical properties of the ﬁlms, such as hardness
and elastic modulus, a nanoindentation method has been applied to
the thick samples deposited on polished stainless steel substrates. The
maximum load was selected in order to have the indenter penetration
depth lower than 10% of the coating thickness, and this is why themax-
imum load is below 8 mN, as shown in Fig. 9, where the load depth
curves are represented for one measurement of each sample.Fig. 10. Hardness and elastic modulus of (a) CrAlSiOyNx as a function of PON and (b)
CrAlSiNx as function of PN.The evaluation of hardness and elastic modulus with increasing PN
and PON are presented in Fig. 10. With increasing PON from 0.046 Pa to
0.92 Pa, no signiﬁcant changes were seen in the hardness values (Fig.
10a). On the other hand, a notable decrement was seen in the hardness
and elastic modulus values when PNO increased to 0.21 Pa. This means
that higher content of oxygen in ﬁlms changes the structural bonds to
weak metallic bonding. For nitrides ﬁlms, hardness was slightly in-
creasedwith increasing PN from 0.051 Pa to 0.15 Pa. The highest obtain-
ed value was 11.1 GPa at 0.15 Pa, as shown in Fig. 10b. Hardness values
are relatively low, but it is in the same range of magnitudes obtained by
Karimi et al. [1] [8] with oxygen ratio [O] / [O+N] in ﬁlms up to 20%. In
those studies, the ratio (Al + Si) / Cr ~1 while in our case (Al + Si) / Cr
~2, which has a strong inﬂuence on the ﬁlm properties. The
substoichiometry and the amorphous phase fraction can be considered
as other factors of poor hardness.
Depending on the results discussed in section 3, the variation of ni-
trogen and oxygen partial pressures induces an increase of those ele-
ments in sample composition, as expected. In addition to the strong
variation of ﬁlms' optical properties. However, the hardness is almost
insensitive to the variation of those partial pressures, mainly due to
the elemental Cr: Al: Si composition ratio of 1.25:1.5:1. The Optical con-
stants of CrAlSiNx and CrAlSiOyNx samples are very sensitive to nitrogen
and oxygen partial pressures. The most appropriate ranges of PN and
PNO for selective solar absorber stacks are 0.037–0.071 Pa and 0.046–
0.092 Pa respectively.
4. Conclusions
Optical properties, chemical composition, chemical structure and
mechanical properties of sputtered CrAlSiNx and CrAlSiOyNx as varying
PN and PON have been studied in thiswork. Optical constants n and k de-
crease with increasing PN and PON, and the refractive index increases in
the wavelength range of 250–1000 nm for all coatings. According to
chemical composition, the elemental composition ratio (Cr + Al + Si)
/ (N + O) decreases with increasing nitrogen and oxygen partial pres-
sure. However, the elemental Cr: Al: Si composition ratio remains con-
stant as 1.25: 1.5: 1. XPS data analysis shows that the at% of the
sample changes with the variation of oxygen and nitrogen partial pres-
sure, with nitrogen contact changing from19.3 at% in nitride (sample A)
to 10.1 at and 8.7 at% in oxynitrides (sample B and C, respectively). Ad-
ditionally, XPS reveals an Al surface enrichment, because in the sample
analyzed by XPS the (Al + Si) / Cr composition ratio is in average 2
times higher than that obtained by RBS and EDS, togetherwith an incre-
ment of Al/Si composition ratio. Coatings with higher nitrogen and oxy-
gen content are polycrystalline with cubic (fcc-B1) structure. On
contrary, all other ﬁlms are amorphous and show poor hardness.
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